As a new mouse mutant resource, the RIKEN ENU-based gene-driven mutagenesis system in the mouse has been available to the research community since 2002. By using random base-substitution mutagenesis with ENU, a new reverse genetics infrastructure has been developed as a next-generation gene-targeting system. The construction of a largescale mutant mouse library and high-throughput mutation discovery systems were the keys making it practically feasible. The RIKEN mutant mouse library consists of ~10,000 G1 mice, within which 100-150 mutant strains have been established based on users' requests every year. Use of the system is very simple: users 1) download an application form from our web site and send to us, and 2) design the PCR primers for the target gene. Then, we screen the RIKEN mutant mouse library and report all the detected mutations to the user. From among the allelic series of discovered mutations, users decide which mutant strain(s) to analyze and request the live mutant strain for functional studies of the target gene. Users have been reporting various functional mutations in the RIKEN mutant mouse library: e.g., missense, knockout-type and even functional non-coding mutations. In the near future, next-generation re-sequencing systems should drastically enhance the utility of the ENUbased gene-driven mutagenesis not only for the mouse but also for other species.
Introduction
In 1997, large-scale ENU mouse mutagenesis projects were launched in Germany and the United Kingdom [5, 14, 15, 23] . Their major objectives were to develop a new infrastructure for mammalian functional genomics by foreseeing the completion of whole sequencing of the human genome by the Human Genome Project. ENU is known to be the most potent chemical mutagen in the mouse, inducing heritable base substitutions in spermatogonia [24, 27, 28] . By inducing point mutations genomewide, mutant mice can be used to explore biological functions of genomic DNA sequences as well as to provide human disease models. The primary strategy of large-scale ENU mouse mutagenesis is the phenotypedriven approach for identifying causative genes by forward genetics. In 1999, RIKEN initiated a large-scale ENU mouse mutagenesis project and around the year 2000 about twenty such projects were being funded worldwide [11] . Major large-scale mouse mutagenesis projects are summarized in Box 1.
Another powerful mouse mutagenesis system is gene
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In 1997, the German Research Center for Environmental Health (formally GSF) [14, 15] and MRC Harwell [5, 23] pioneered phenotype-driven ENU mutagenesis on a large scale. Then, RIKEN and the Australian Phenomics Facility started phenotype-driven ENU mutagenesis in 1999. Many other phenotype-driven ENU mutagenesis projects followed in 2000, for instance, Baylor College of Medicine, Jackson Laboratory, TMGC in US and CMHD in Canada. Using the ENU mutagenesis, RIKEN [12, 30] , MRC [26] , and Oak Ridge National Laboratory [20] also started gene-driven mutagenesis in 2000.
In 2006, the knockout mouse projects, KOMP, EUCOMM and NorCOMM were initiated as gene-driven mutagenesis by using conventional gene-targeting technology in ES cells [1, 2] . No institution or center conducts just one approach exclusively; they all combine phenotype-driven and gene-driven and/or interact with other mutagenesis project(s). Only the currently active WEB sites are listed here and more details may be found on each WEB site.
targeting or the knockout (KO) mouse [7, 34] . A target gene is disrupted in the genomic DNA of embryonic stem (ES) cells with a selectable marker gene. The established ES cell line carrying the disrupted target-gene then gives rise to live mice through germline chimeras. Thus, KO mice are developed by gene-driven mutagenesis, a process that is also called reverse genetics. In 2003, the genomewide knockout mouse project was proposed [1, 2] and since 2006 three international knockout mouse projects, KOMP, EUCOMM and NorCOMM (Box 1), have been developing knockout mice. In this review, the current status, utility, and future perspectives of the RIKEN ENU-based Gene-driven Mutagenesis System (RGDMS) for the mouse are summarized. RGDMS is another gene-driven mutagenesis system which utilizes mutations randomly induced by ENU. This paradoxical mutagenesis system became feasible with the development of the infrastructure of large-scale ENU mouse mutagenesis and the advancement of various high-throughput discovery systems of base substitutions in mammalian genomes.
ENU Mouse Mutagenesis
ENU randomly induces base substitutions in the genome; therefore, the primary goal of the ENU mouse mutagenesis project is to establish mutant mice with the phenotype-driven approach, which is nowadays called forward genetics. The basic scheme for producing mutant mice with ENU is depicted in Fig. 1 . At RIKEN, C57BL/6J males were treated with ENU; they were the Generation-0 (G0) parental mice. G0 males were then mated to either DBA/2J or C3H/HeJ to produce G1 mice (Fig. 1A) . All the G1 mice were then subjected to comprehensive phenotyping to detect heritable traits with phenotype-driven mutagenesis. It is noteworthy that phenotype-driven ENU mouse mutagenesis was therefore originally focused on the development of dominant mutant mouse strains.
The RIKEN project particularly focused on late-onset phenotypes to fi nd model mutant mice for common diseases, aging-related diseases and tumors in human. Once candidate G1 mice were found then they were mated to produce G2 offspring to propagate the mutant allele and to see if the identifi ed phenotype was transmitted in Mendelian fashion (Fig. 1B) . For late-onset phenotypes, however, the G1 candidate mice often became sterile or even die without producing any G2 offspring. Thus, it was crucial to preserve all the G1 strains before the onset of such potentially fatal phenotypes. We chose to keep all the G1 male strains with their frozen sperm by Nakagata's method [22] . G1 female strains, however, were not preserved, because a cryopreservation method for mouse ovaries has not yet been established which has suffi cient effi ciency in terms of recovery rate, cost effectiveness and labor intensiveness. It is noteworthy that the establishment of an effective ovary preservation method should significantly enhance the utility of RGDMS and next-generation gene targeting as described later in the "Future Perspectives."
Mutant Mouse Library
The basic infrastructure of RGDMS is the dual archives of frozen sperm and genomic DNA samples of Generation-1 (G1) mice produced by ENU mutagenesis (Fig. 2A) . We call the dual archives the "mutant mouse library", since allelic series of multiple mutant alleles of any mouse gene are preserved as described in detail later. treated with ENU and mated with G0 females to produce G1 mice. Germline mutations (red triangles) are induced in spermatogonia of G0 mice and inherited by G1 offspring. Each G1, therefore, carries independent ENU-induced genomewide mutations. Only one homologous chromosome pair is illustrated in this fi gure. In the phenotypedriven mutagenesis, G1 mice are subjected to comprehensive phenotype screens to identify candidate traits of mutations. As shown in this scheme, all the ENU-induced mutations are heterozygous in G1 mice, so all the detected mutant phenotypes are dominant. (B) G1 mice that exhibit candidate traits are then subjected to the inheritance test. When a candidate trait is caused by an ENU-induced mutation, it is inherited by G2 offspring with a 1:1 ratio. In this inheritance test, females from the same inbred strain used for G0 female are often mated with G1 candidate males. By using different inbred strains for G0 females and G0 males, the mating between G0 female and G1 male provides backcross G2 offspring. The linkage analysis of genetic markers (e.g., microsatellites and SNPs) between G0 parental strains, thereby gives rise to the mapping information of the mutant phenotype.
Another critical issue in making RGDMS practically possible is how to fi nd multiple mutations in a given target gene. We conducted a feasibility study of screening of ENU-induced mutations in G1 genomic DNAs and the ENU-induced mutation rate was primarily estimated to be 1 mutation per megabase pairs (Mb) in G1 genomic DNA [13, 30, 31] . In other words, 3,000 ENUinduced mutations may be randomly induced in a given G1 mouse, since the size of the mouse genome is approximately 3 × 10 9 bp.
High Throughput Mutation Discovery Systems
The basic method for identifying ENU-induced mutations in a given target gene is to fi rst amplify the genomic DNA sequence(s) of the target gene by PCR and then to screen the mutations in the large number of PCR products quickly and effi ciently. As noted above, it is necessary to screen a total of 1 Mb of G1 genomic DNA samples in order to discover one ENU-induced mutation on average. If we expect to fi nd one mutation with >90%, >95%, and >99% probabilities, we should screen a total of >2.31 Mb, >3.00 Mb and >4.61 Mb of G1 At the same time, genomic DNA samples are also extracted from all the corresponding G1 males to construct genomic DNA archive. The dual archives of the cryopreserved sperm and genomic DNA samples of the G1 mice comprise the mutant mouse library. The genomic DNA archive is subjected to a mutation screen with PCR amplifi cation of the target gene. The G1 mouse carrying the ENU-induced mutation in the target gene is then revived from the cryopreserved sperm archive by in vitro fertilization and embryo transfer technology to produce live G2 mice. As shown in Fig. 1B , ENU-induced mutations are heterozygously inherited from G1 mice by G2 offspring with a 50% probability. After genotyping of the identifi ed mutation in the revived G2 offspring, the heterozygous pairs are intercrossed to produce G3 mice, in which the genotypes segregate according to Mendel's 1:2:1 ratio. This allows us to detect and analyze any recessive trait(s) of the identifi ed mutation in the G3 homozygotes. (B) Representative mutation discovery systems are depicted. All the heteroduplex detection methods, TGCE, TILLING/Cel1 digestion and HRM, are quick and sensitive enough to identify heterozygous ENU-induced mutations in the G1 genomic DNA archive with good cost performance. The PCR samples encompassing heteroduplex DNA are then subjected to direct sequencing to identify the site and type of the base substitution in the PCR fragment.
genomic DNA, respectively, based on a Poisson distribution of ENU-induced mutations in the mouse genome. The random distribution of ENU-induced mutations has been experimentally confirmed [30] . It implies that if we screen 461 bp of the target sequence after PCR amplification of 10,000 G1 mouse genomic DNA samples, we may find 4.61 ENU-induced mutations on average and may find at least one ENU-induced mutation with 99% probability. To practically conduct such large-scale screening of ENU-induced base substitutions, it is necessary to adopt a high-throughput and cost-effective mutation discovery system. Various point mutation discovery systems have been adopted for the ENU-based gene-driven mutagenesis system. At RIKEN, we first used the direct sequencing (DS) method using ABI3700/3730 automated 96-well Sanger sequencers (Applied Biosystems/Life Technologies, Carlsbad, CA, USA). Then, we have been comparing several heteroduplex detection methods: 1) the temperature gradient capillary electrophoresis (TGCE) method [9, 17, 21] with SCE9610 (SpectruMedix, State College, PA, USA), 2) the TILLING/Cel1 digestion method [25, 35] simplified with HAD-GT12 (eGENE/ Qiagen, Hilden, Germany), and 3) the high resolution melting (HRM) method [4, 37] with LightScanner (Idaho Technology, Salt Lake City, UT, USA) or Light Cycler 480II (Roche, Basel, Switzerland). A schematic summary is provided in Fig. 2B .
All the tested mutation discovery systems have been effective enough to discover ENU-induced mutations. By using these high throughput mutation discovery systems (Fig. 2B) , we have been able to identify and establish allelic series of mutant strains for any target gene in the mouse by identifying roughly 100-150 mutations per year. Recently, we have mainly been using the HRM method, since it does not require any electrophoresis to detect mutations. Also, HRM is often sensitive enough to distinguish between two different homozygous base substitutions and to detect the difference between one and two mutations in a given PCR product. Recently, Dr. Serikawa's group developed the MuT-POWER method, another sensitive and high-throughput heteroduplex detection system, which has been shown to be a very effective mutation discovery system for screening point mutations in the rat [18] .
Archived Mutations
The G1 sperm archive, held in liquid nitrogen tanks, semi-permanently preserves ENU-induced mutations. By constructing a G1 sperm archive that is large enough to accumulate randomly induced ENU mutations, multile G1 strains would have independently induced mutations in any given gene. It depends on the number of cryopreserved G1 mice and the ENU-induced mutation rate in the G0 spermatogonia how many mutant strains per gene would exist. We have so far preserved approximately 10,000 G1 males' frozen sperm [30] . Thus, a total of 3 × 10 7 ENU-induced mutations have been archived as shown in Fig. 3 . Namely, one ENU-induced mutation is expected to exist every 100 bp on average (= 3 × 10 9 bp of the mouse genome divided by 3 × 10 7 mutations) in the G1 frozen sperm archive at RIKEN. The best estimate of the average size of the open reading frame (ORF) of the mouse seems to be at least 1,437 bp [10] within which ~14 ENU-induced mutations on average may exist in the RIKEN frozen sperm archive of 10,000 G1 males. It is large enough to provide allelic series of point mutations in any target gene of the mouse for gene-driven mutagenesis with randomly induced ENU mutations. The current RIKEN mutant mouse library, therefore, is considered to have a 14-fold coverage of the allelic series of ENU-induced mutations, on average, in any given target gene. The ENU-induced mutations are distributed in accordance with the Poisson distribution [30] ; therefore, neither hot nor cold spots for ENU mutagenesis exist in the mouse genome. Only a slight bias of ENU mutagenesis has so far been found in non-transcribed strands, in which base substitutions were induced more often than in transcribed strands of DNA double helices [33] .
Utilization of RGDMS
When we established the mutation screening system in 2002, we immediately opened RGDMS to the research community through our WEB site (http://www.brc.riken. go.jp/lab/mutants/genedriven.htm). Researchers who have expertise in analyzing mutant mice are eligible to use RGDMS. The availability of RGDMS should encourage individual researchers who originally propose a feasible research plan for their target gene by making easy access to mutant mice. All the identifi ed and developed mutant strains with their derivatives also must be made openly available to the research community at an appropriate time. The basic idea is to advance the fi elds of mutagenesis as well as mouse genetics and to accelerate studies on mammalian genome functions. Here, we describe how to access and use the RGDMS (Fig. 4) Fig. 1A , ENU was administered to G0 males; therefore, all the X chromosomes carrying ENUinduced mutations were only transmitted to G1 females, not to the archived G1 males. 2. We add the newly requested target genes to the target gene list when we update our WEB site. 3. USER designs the PCR primers with the reaction conditions and sends them to us. Note 3: Details of PCR primer design may be found on our WEB site (http://www.brc.riken.go.jp/lab/ mutants/genedriven.htm). Briefl y, the appropriate size range of the PCR product for the target sequence is about 300 bp. We used to recommend USER to design a multiplex PCR following the TGCE method [30] ; however, we currently conduct mutation screening with the HRM method which cannot use any multiplex PCR products. 4. After we receive USER's PCR primers and the PCR conditions, we check the reproducibility of the PCR reactions. When the reproducibility of the PCR reaction has been confi rmed, the PCR pair is added to the waiting list for mutation screening. 5. Based on the order in the waiting list, we screen mutations in the G1 genomic DNA archive. Whenever we fi nd mutations, we report all the discovered mutations to USER. 6. USER decides which mutation(s) to analyze at the live mouse level and notifi es the decision to us. 7. We arrange the necessary paper work between USER and the Experimental Animal Division (EAD) at At RIKEN, approximately 10,000 G1 males have been archived as a frozen sperm archive. Each G1 mouse carries ~3,000 ENU-induced mutations; therefore, the RIKEN mutant mouse library contains a total of 3 × 10 7 mutations randomly distributed in the 3 × 10 9 bp of the mouse genome. Based on spectrum analysis of ENU-induced mutations, we have already reported that 62, 10, and 28% are missense, knockout (KO)-type and synonymous mutations, respectively, when the mutations occur in the protein coding sequences [12, 30] . The protein coding sequences in the human and mouse genomic DNA have been estimated to be 1.2-1.4% of the whole genomic DNA sequences. Therefore, at least 1% (= 3 × 10 5 ) of the 3 × 10 7 ENU-induced mutations are in the protein-coding sequences. This implies that there are ~200,000 and ~30,000 missense and KO-type mutations in the RIKEN mutant mouse library, respectively. In this spectrum analysis, nonsense mutations and splicing signal mutations in the splicing donor and acceptor dinucleotide sequences were regarded as KO-type mutations [12, 30] . Primarily, missense mutations and KO-type mutations are considered to encompass functional mutations; however, mutations in non-coding sequences are occasionally known to affect phenotypes as well.
RIKEN BioResource Center which is in charge of the rederivation of live G2 mice from the specifi ed G1 frozen sperm by in vitro fertilization and embryo transfer technology. 8. We check the genotype of the G2 mice and EAD sends USER live heterozygous mice carrying the newly identifi ed ENU-induced mutation in the target gene. 9. USER takes the initiative to study on the mutant mice. USER has three years at most to exclusively conduct functional studies on the mutant mice. 10. When the three-years has expired, a study on the mutant mouse is published, or USER terminates the study of the mouse, whichever comes fi rst, USER must deposit the backcrossed mutant strains and other developed derivative strains to EAD. Subsequently, all the derivative mutant strains together with the original G1 strain become available to the public through RIKEN BRC. Note 4: As described above and depicted in Fig. 1A , the original G1 strain carries many other ENUinduced mutations. If USER discovers any such additional mutations that are unrelated to the one identifi ed by RGDMS, USER is granted the fi rst right to conduct studies on the additional mutations bound by the same conditions. To retain the right, USER has to report the identifi ed mutation(s) to us at the time of discovery with the study plan. Note 5: RGDMS is under development; thus, we do not guarantee that it can provide mutant mice to the user. Suggestions, opinions and comments are indispensable for improving RGDMS. More details, updated information and/or recent modifi cations to RGDMS are disclosed on our WEB site (http://www.brc.riken.go.jp/lab/mutants/jp/genedriven.htm). 
Examples of Model Mice Established by RGDMS
Disrupted-in-schizophrenia 1 (Disc1) mutant strains Clapcote et al. [6] analyzed two independent missense mutant strains, Q31L and L100P, of the Disc1 gene. Human DISC1 gene is a candidate gene for one of the genetic risk factors of schizophrenia. They found that the Q31L and L100P missense mutant mice provided recessive major depression and dominant schizophrenia models, respectively. Interestingly, neither the 31 st nor the 100 th amino acid residue in the mouse Disc1 is conserved in human DISC1. The conservation of the amino acid residue is one of the clues to evaluate the functionality of the discovered ENU-induced mutations but it is not always the case as shown in the Q31L and L100P missense mutations in the Disc1 gene. Even if a mutation occurs in an amino acid residue that does not conserved between human and mouse, it often may have a critical function.
Serine racemase (Srr) mutant strains Serine racemase (SRR) is another candidate gene for a risk factor of schizophrenia in humans. Responding to a request to target the Srr gene, we found a total of 9 mutations, one of which was a nonsense mutation in Exon 9. Labrie et al. [16] analyzed the nonsense mutation and found that homozygous mice exhibited schizophrenia-like behavior. They detected a 50% reduction of Srr mRNA and no Srr proteins in homozygotes, thereby confirming that the nonsense mutation in Exon 9 of the Srr gene is a KO-type allele. Basu et al. [3] independently constructed a disrupted allele of the Srr gene using the conventional KO mouse method and reported the mostly equivalent phenotypes. Thus, RGDMS has practically provided KO-type mutations.
N-acetyltransferase 1 (Nat1) mutant strains
The Nat1 gene in the mouse is an intronless gene with an 870 bp of ORF. The human homolog is the NAT2 gene and NAT2 polymorphisms have been known to cause genetic variation of the susceptibility to the isoniazid (INH) treatment in tuberculosis patients. Acting on a request to target the Nat1 gene in the mouse, we found a total of 11 mutations in the 870 bp of the ORF in which five missense and one nonsense mutations were identified. Erickson et al. [8] directly assayed the enzymatic activities to INH of the wild type and I95T missense mutation using the liver extracts. Compared to the wildtype control extracts, the heterozygous and homozygous extracts showed about 1/2 and less than 1/10 reduction of the Nat1 enzymatic activities, respectively. It directly evidences that amino acid substitutions by ENUinduced mutations do indeed alter the enzymatic activities of mutant proteins.
Mammal-fish-conserved-sequence 1 (MFCS1) mutant strains
Following a request to test the cis-regulatory function of the non-coding sequence [29] , we screened the MFCS1 sequence and found 6 mutant strains. Masuya et al. [19] analyzed the mutant phenotype and the expression of the regulated Sonic hedgehog (Shh) gene. Among the three tested mutant strains, one mutant strain, M-1116, exhibited dominant polydactyly associated with the ectopic expression of Shh in limb bud development. Therefore, some ENU-induced mutations in non-coding sequences are functional.
Current Status and Issues of RGDMS
By using heteroduplex detection systems, we have been discovering 100-150 ENU-induced mutations in the target genes requested by many researchers every year. At present, the target gene list shown on our WEB site has 317 target genes. In the previous section, we showed RGDMS has provided various types of ENUinduced mutations: missense mutations, KO-type mutations and non-coding functional mutations. We have already shown that 62 and 10% of ENU-induced mutations in the protein coding sequences are amino acid substitutions and KO-type mutations, respectively [12, 30] , and this is summarized in Fig. 3 .
As described in the previous section, the nonsense mutation found in the Srr gene exhibites phenotypes that are equivalent to those of conventional KO mice [3, 16] . The finding of KO phenotypes in ENU-based genedriven mutagenesis is common. For instance, we have found nine mutant strains by screening the β-catenin gene, one of which was a nonsense mutation and embryonic lethal in homozygotes. We have also found eight allelic series of ENU-induced mutations in the Smoothen gene, one of which was a mutation in the dinucleotide splicing signal and also recessive embryonic lethal. The nonsense and splicing mutations usually cause drastic change in the peptide sequences. Also, such mutations often result in the mRNA degradation due to nonsensemediated decays.
Most of the ENU-induced mutations reside in noncoding sequences (Fig. 3) . Some mutations in proteincoding sequences may also be neutral or functionally silent. Even knockout mice often exhibit no phenotypic anomalies compared to control mice. One of the biggest issues in gene-driven mutagenesis is what types of mutations in genomic sequences affect the biological function. Particularly, functional studies of ENU-induced mutations in non-coding sequences are currently very challenging.
Another general issue in ENU-based gene-driven mutagenesis is the heterogeneity of the genetic background. As described above and shown in Fig. 1 , ENU induces ~3,000 genomewide mutations. When we analyze the biological function of a discovered mutation in the threegeneration scheme, the mutations tightly linked to the discovered mutation are likely to co-segregate in the G3 offspring. To distinguish the effects of the discovered mutation from those of the tightly linked unidentified mutations, we usually conduct a backcross of more than 6 generations before making intercrosses to analyze the homozygous effects of the discovered mutation. The next-generation re-sequencing system should provide another tool for distinguishing the effects of the discovered mutation from others without time-consuming backcrosses.
Future Perspectives
RGDMS has been providing a number of allelic series of mutant strains of target genes to the research community. However, only a small fraction of archived ENU-induced mutations have been retrieved (Fig. 3) . In order to drastically enhance the mutation discovery from the mutant mouse library, next-generation re-sequencing technologies will be the key. When a US$1,000 re-sequencing system becomes available, it will be practically feasible to identify all the 3 × 10 7 archived mutations in the RIKEN mutant mouse library. As shown in Fig. 3 , the most of the mammalian genomes consist of repetitive and noncoding sequences. Only 1.2-1.4% are protein-coding sequences. Recently, several target enrichment systems for mammalian genomes have become available. Therefore, we have started feasibility studies of mutation screening by targeting ~4 Mb of coding exons first by using the SureSelect Target Enrichment System (Agilent, Santa Clara, CA, USA). The target enrichment was successful and the enriched samples are currently being re-sequenced using Illumina GAIIx (Illumina, San Diego, CA, USA) and SOLiD3plus (Life Technology, Carlsbad, CA, USA). In the near future, by targeting whole exons in the mouse (mouse exome) of 36-42 Mb (= 1.2-1.4% of the mouse genome), the RIKEN mutant mouse library should be able to provide ~200,000 missense and ~30,000 KO-type mutations to the research community.
The next-generation re-sequencing to reveal all the ENU-induced mutations in each G1 mouse should also provide a new strategy to overcome the heterogeneity issue of the G1 genetic background. Association studies between phenotypes and the target mutation as well as other ENU-induced mutations in the G1 mouse and its offspring should reveal the functional gene-to-gene interactions, often called epistatic interactions. As described in the previous section, many users of RGDMS currently conduct many backcrosses to make the discovered mutation in an identical homozygous genetic background, also called a congenic background, by eliminating other undiscovered ENU mutations. On the other hand, the next-generation re-sequencing system should reveal all the ENU-induced mutations in a given G1 strain. Therefore, it should become possible to distinguish whether the characterized phenotype(s) in the three-generation scheme is derived from one mutation or some combination of several mutations by genotyping all the segregations in the G3 mice and their offspring.
The ENU-based gene-driven mutagenesis system can also be applied to any species by archiving the G1 progenies. It probably is only a reverse genetic tool for most of the mammalian species, since no species other than the mouse have currently established ES cell lines. In fact, an ENU-based gene-driven mutagenesis system has already been started in the rat [18, 32, 36] . Another issue is the archiving of the G1 females, as described above under "ENU Mouse Mutagenesis." ENU mutagenesis has been conducted in G0 males probably because the spermatogonia keep proliferating and more susceptible to mutagens than oogonia and other female germline cells. In mice as well as rats, the G1 archive has been constructed by sperm cryopreservation, since no effective ovary cryopreservation and rederivation system has yet been established. The development of efficient ovary preservation technologies will make G1 female animals, which consist of half of the G1 offspring, available to ENU-based gene-driven mutagenesis. This will be of particular importance for X-linked genes that are the homologs of many human X-linked diseases. Some alternative approaches to making G1 females available as a significant part of the mutant animal library are the development of clone animals from preserved female cells, and the development of an efficient mutagenesis system for female germline cells.
